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Analysis of Non-flatness of Hot Strip after Cooling

Hiroshi YOSHIDA, Tooru SAsAKI, Tomoo TANAKA, and Yuji HIROSE

Synopsis:

To analyze non-flatness caused by the edge wave of hot strip after cooling, a numerical method for
the prediction of temperature and thermal stress has been developed by taking phase transformation
into consideration. It is confirmed that temperatures during cooling and residual stresses calculated

by the present method agree well with the measured ones.

On the bases of the present method, the

occurrence of the edge wave in thin and wide hot strip (3.24x 2 173mm) has been studied.

The results obtained are as follows;

(1) The edge wave occurs when compressive residual stress at edge part becomes greater than the

critical buckling stress.

(2) The residual stress becomes low when the distributions of finishing temperature and of cooling

rate after rolling in transverse direction of hot strip are small.

Water cooling of hot strip at later

stage of run-out table and high coiling temperature are benificial to decrease the residual stress.
(3) The most effective measures of preventing the edge wave formation is to cool strip uniformly
in transverse direction by controlling the distribution of water supply after rolling.
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Fig. 1. Schematic diagram for the calculation of
phase transformation during cooling by using iso-
thermal transformation curve,
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Fig. 2. Whole flow chart for the calculation of
temperature, thermal stress and flatness.
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Table 1. Processing variables and occurrence of edge wave.

Initial temp. Cooling Cooling time (s) | Coiling | Coiling
. . . . . . tension | temp. Note
dist
stribution distribution] Zone I |[Zone II (kgf/nmz) (°c)
A not uniform not uniform
(by eq.(18),(19))| (by eq. (20)) 2,56 2.52 0.0 550 standard
B | not uniform not uniform 2.56 1.59 0.0 600 hig coiling temp.
C | not uniform not uniform 2.56 3.03 0.0 499 low coiling temp.
D | not uniform not uniform 0 4.41 6.0 552 later cooling
E | not uniform not uniform 2,56 2.52 1.0 550 coiling tension
F | not uniform uniform 2,56 2.52 0.0 - 550 uniform cooling
G| uniform not uniform | 2.56 | 2.52 0.0 550 “"1{2'3 initial
H | uiform uniform 2.56 | 2.52 0.0 550 [ uniform initial
temp. and cooling

3.24X 2173 mm, chemical composition; 0.149%C 0.05%8Si 0.90%Mn, y-grain size no.=8.5, Finishing tem-

perature—880°C, Strip speed—=9.06 m/s, Coiling radius—700 mm

300 TR
800"";\ §E4=ﬂ——l_J_’= _
700} “.%.,.—- 2173mm ]
o~ B00F  eeeemes R .
o 500-“"“:' cooling “.‘\. ......... N
el <!_; --------------- v
g I.OO—Z‘;“;] Zorell 1)\ -
B 300 X(mm) coiing 2§ ]
% 2001 center (1086 5) .
— — o
@ 1001 ~=--= edge(0)
’ ol Lo b b iaal 4 ]
0 S 10 15 20 o
30
25 e 3 N
< 20 Vo
e P\
2 A\
a 0 i %]
E O
R 2 b
g 10+ coiling |
£ ! ! L, ]
= _ AR TSE N ENNEE NN vy
200 5 10 15 20 o

Time (sec¢)

004 e -
003 g(e)nter (1086.5) m‘lrg
002 ----- edge (0) e

2 ool . e
= o A

J ¢

§ -omf TN ™

B _002|- \ .

.% _003k | et

& -004} | o

EENENESEE EEEEE NN

'o'?go 5 10 - 15 20 o

Ratio of phase transformation

Aol sl lsnaal .
% 5 10 15 20 o
Time (sec)

Fig. 7. Change in temperature, thermal stress, plastic strain and ratio of phase transformation
(mean values in thickness) with time during cooling of hot strip under A (standard) condition.
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Table.2. Calculation results at coiling during cooling and at room temperature after cooling

under ‘various conditions.

at coiling at room temperature
Temperature | Transformation| Thermal Ratio of each phase Residual
condition (°C) ratio (-) stress(kgf/m? ) Vo (-) Vp(-) vB(-) stress(kgf /m?) Flatness
edge | center| edge |center | edge center edge |center | edge [center | edge |center | edge center
A 448 | 550 | 0.874 [0.949 [ 25.8 | -2.31 0.800| 0.848 | 0.103| 0.152 | 0.097] © 8.81 | 0.99 eds:ve
B 520 | 600 | 0.975 {1.000 | 14.4 | -0.68 0.848| 0.848 | 0.152| 0.152 0 0 5.68 | 0.48 flat
c 416 | 499 | 0.859 |0.781 | 15.8 | -1.18 0.778| 0.848 | 0.101| 0.106 | 0.121]| 0.046 | -10.2 | 0.73 eﬁve
D 443 | 552 | 0.661 |0.824 [ 25.0 | -2.40 0.668| 0.848|0.053| 0.152 | 0.279| o© 6.78 | 0.8 Edﬁgve
E .| 448 | 550 | 0.874 |0.949 | 25.8 | -1.25 0.800| 0.848 ] 0.103{ 0.152 | 0.097| © -8.81 | 0.99 e"g;ve
F 475 | 550 | 0.902 |0.949 | 24.6 | -0.61 0.848| 0.848 [ 0.097]| 0.152 | 0.055| o _7.48 | 0.42 flat
G 472 | 550 | 0.789 |0.949 [ 26.0 | -2.30 0.794| 0.848 ] 0.082| 0.152 | 0.124| © 6.52 | 0.87 eagw:ve
H 504 | 550 | 0.817 |0.949 | 19.9 | -0.33 0.848| 0.848 | 0.135 0.152 | 0.017| © 4.55 | 0.12 flat
Bi ¥ tdid D% Table 2 ZiR7.
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Fig. 8 Distributions of residual stress (mean value
in thickness) in transverse direction under various
conditions.
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